Infection of chick embryo and baby hamster kidney cells with the virulent Newcastle disease virus (NDV) strains HERTS, TEXAS and WARWICK and the mesogenic strain BEAUDETTE C produced a significant reduction in the thickness of the cell coat material. There was a temporal relationship between the reduction in coat thickness, the formation of polykaryocytes by cell fusion, and the release of lysosomal enzymes in cells infected with these strains. No reduction in coat thickness was found in cells infected with the avirulent strains, QUEENSLAND and ULSTER, which did not produce cell fusion. Little lysosomal enzyme release was found in cells infected with these strains. Cell fusion and the reduction in coat thickness in cells infected with the virulent strains were inhibited by treatment of infected cells with anti-NDV serum without impairment of virus replication.
INTRODUCTION
Previous studies with Newcastle disease virus (NDV) have established a direct relationship between the virulence of the infecting strain for chickens, lethality for chick embryos and cytopathogenicity in cell culture (Waterson, Pennington & Allan, 1967; Reeve & Alexander, I97o; Reeve & Poste, I97I ; Reeve et al. 1971) We have also shown previously that the primary cytopathic effect (c.p.e.) produced by NDV strains grown in chick embryo (CE) cell cultures involves the formation of polykaryocytes by cell fusion, and that the ability to produce this type of c.p.e, is also related directly to the virulence of the infecting strain (Reeve & Poste, I97I) . In this paper we have extended our observations to show that infection of both CE fibroblasts and baby hamster kidney (BHK 2I) cells with virulent strains of NDV induces a number of changes in the cell surface before cell fusion. These changes were not found in similar cells infected with avirulent NDV strains growing at the same rate. The role of both lysosomal alteration and direct modification of the cell surface by virus components in causing these cell surface changes has been investigated.
METHODS
Virus strains and cell cultures have been described previously (Reeve & Poste, 197I; Reeve et al. I971 ) .
Measurement of cell coat thickness. The term' cell coat' is applied to the material composed predominantly of acidic glycoproteins which exists external to the outer electron-dense leaflet of the trilaminar plasma membrane structure. Cell-coat thickness was measured by ellipsometry in a 436o3-2ooe automatic photoelectric ellipsometer (O. C. Rudolph and 220 P. REEVE AND OTHERS Sons, Inc., Caldwell, N.J., U.S.A.) using the methods described elsewhere (Poste, 197oa, 1971a Estimation of cell fusion as percentage of polykaryocytosis was made as described previously (Reeve & Poste, I97I) . Estimation of acid phosphatase. The release of acid phosphatase from lysosomes into the cytoplasm was used as a marker for lysosomal damage. Cells were grown in 50 ram. plastic Petri dishes and at intervals after infection the medium was removed, the monolayer washed with warm phosphate-buffered saline, pH 7.2 (PBS), and the amount of intracellular acid phosphatase measured. Acid phosphatase released from the lysosomes into the cytoplasm was estimated using the methods described in Sigma Technical Bulletin no. Io4 (Sigma Chemical Co. Ltd., London). Four Petri dish cultures were used for each measurement. The total amount of acid phosphatase in the monolayers was estimated by incubating the cultures with 0"05 M citrate buffer containing 0.2% (v/v) Triton X-Ioo to damage the membranes of the remaining intact lysosomes and allow the enzyme substrate to penetrate into the lysosome. The acid phosphatase released into the cytoplasm was expressed as a percentage of the total.
Measurement of virus-induced uridine incorporation. Coverslip cell cultures were infected
with virus and maintenance medium containing 5"0 #g.[ml. Actinomycin D (Calbiochem, London and Sigma, London) and I.O#C [aH]-uridine 5-T (26"5 C/mM) (Radiochemical Centre, Amersham, Buckinghamshire) was added. At intervals after infection the coverslips were withdrawn and the acid-insoluble radioactivity estimated in an Intertechnique ABAC SL4o liquid scintillation spectrometer by the methods described previously (Reeve et al. I971 ) .
Reagents. The following reagents were dissolved in maintenance medium at the various concentrations indicated in the text: hydrocortisone hemisuccinate (Sigma, London); chloroquine disphosphate (7-chloro-4-diethylamino-I-methylbutylaminoquinoline diphosphate) (I.C.I. Pharmaceuticals Ltd., Alderley Park, Macclesfield, Cheshire); epsilon amino caproic acid (EACA) (Sigma, London).
RESULTS

Changes in cell-coat thickness
The thickness of the cell coat of CE fibroblasts was measured at different intervals after infection with strains of NDV. Before infection the mean coat thickness was 65"o + 5"2 A. Following infection with the virulent NDV strains HERTS, TEXAS and WARWICK and the mesogenic strain BEAUDETTE C a significant reduction in coat thickness occurred. The time at which this change occurred varied with the different strains and showed a close temporal relationship with the onset and development of cell fusion (Fig. 1) . No significant reduction in coat thickness was found in CE cells infected with the avirulent QUEENSLAND and ULSTER strains which did not induce cell fusion (Fig. I) .
No changes in coat thickness were found in uninfected control cell cultures examined over the same period.
Identical results were also obtained with BHK cell cultures infected with the same virus strains. 
22I
Alterations to lysosomes
It has been suggested that the reduction in cell coat thickness recorded in several forms of virus-induced cell fusion is due to the disruption of the host cell lysosomes and the release of lysosomal enzymes onto the cell surface with subsequent modification of cell coat (reviews, Allison, I967; Poste, I97ob) . To see if lysosomal alterations occurred in NDV-infected cells showing changes in coat thickness we measured the amount of acid phosphatase found in the cytoplasm at different intervals after infection and compared this with the total amount of acid phosphatase present in the cytoplasm and lysosomes of similarly infected cells. With all the NDV strains tested there was an initial release of acid phosphatase from the lysosomes into the cytoplasm occurring within I hr after infection. In CE cells between 2o and 5o% of the acid phosphatase was released (Fig. 2) while in BHK cells only ~o% of the total enzyme activity was released in the same period. After this initial release the amount of enzyme free in the cytoplasm decreased until about 4 hr after infection and then increased in cells infected with the virulent polykaryocytogenic strains (Fig. 2) . In cells infected with strains m~RTS and TEXAS all the acid phosphatase was in a free form by I2 hr after infection (Fig. 2) . The release of acid phosphatase from the lysosomes into the cytoplasm paralleled the increase in cell fusion, except with strain TEXAS, where cell fusion was detected before the release of lysosomal enzymes. With the avirulent strains BI, QUEENSLAND and ~U~STER no subsequent rise in released acid phosphatase was detected and at 24 hr after infection most of the enzyme activity was still confined to intact lysosomes (Fig. 2) .
Effect of lysosomal stabilizing agents on cell fusion
If the destruction of host-cell lysosornes and the release of lysosomal enzymes on to the cell surface is a prerequisite for NDV-induced cell fusion, it should be possible to prevent fusion by the use of drugs which either prevent the release of lysosomal enzymes or inactivate them. We therefore tested the effect of the known lysosomal stabilizing agents, hydrocortisone and chloroquine (see, Allison, I968), for their ability to inhibit fusion of CE and BHK cells infected with virulent strains of NDV. All results were negative in that hydrocortisone hemisuccinate (I, Io, Ioo and 5oo#g./ml.) and chloroquine diphosphate (I to 5 #g./ml.) failed to inhibit fusion of CE and BHK cells infected with strains HERTS, ~XAS and WARWICK. The protease inhibitor, EACA, at concentrations of lO -2 and Io -4 M also failed to prevent cell fusion by these viruses.
Inhibition of cell fusion and cell coat changes by antivirus-serum
Since we were unable to confirm a direct causal relationship between lysosomal alteration and cell fusion we considered that the observed alteration of the cell surface might be caused by the assembly of virus at the cell surface. For example, virus proteins such as the haemagglutinin and neuraminidase are known to accumulate in quantity in cells infected with virulent, but not avirulent, strains of NDV (Alexander, Reeve & Allan, I97o; Reeve & Waterson, I97o; Reeve, Rosenblum & Alexander, I97o ) . If the assembly and accumulation of these components of the cell surface is responsible for the surface changes leading to fusion it should be possible to prevent cell fusion by treating infected cells with antiserum to the virus. Accordingly we investigated the ability of anti-NDV serum to inhibit cell fusion and to prevent the cell coat changes. All batches of anti-NDV serum were shown to inhibit both virus haemagglutinin and neuraminidase activity in vitro. A 1:20 dilution of anti-NDV serum added to CE cells infected with strain TEXAS 4 hr after infection produced a significant inhibition of both the coat changes and polykaryocyte formation by cell fusion (Fig. 3) -Identical results have also been obtained with strains HERTS and WARWICK grown in CE and BHK cells.
The inhibitory effects of anti-NDV serum on cell fusion and the cell coat changes were not caused by simple failure of the virus to replicate, since uridine incorporation in the antiserum-treated cells infected with strains TEXAS and WARWICK in the presence actinomycin D (5"o #g./ml.) did not differ significantly from that in untreated cells infected with these strains (Fig. 4) . The presence of antisera precluded the measurement of released infectivity, haemagglutinin and neuraminidase activity as estimates of virus multiplication. In addition, measurement of cell-associated haemagglutinin and neuraminidase activities in cultures grown on coverslips was not possible since the activity of both components was too low.
The effect of antivirus-serum on lysosomal alterations in infected cells
In order to exclude finally the possibility that lysosomal labilization and the release of lysosomal enzymes were involved in causing cell fusion, we examined the effect of anti-NDV serum on the release of lysosomal enzymes in NDV-infected cells. Thus, if the release of lysosomal enzymes still occurs in the presence of anti-NDV serum, despite inhibition of cell fusion, it is reasonable to conclude that enzyme release and cell fusion are not causally related.
We therefore tested the effect of a I : 20 dilution of anti-NDV serum, added 4 hr after infection, on the release of acid phosphatase in CE cells infected with strains TEXAS and WARWICK. The results, shown in Fig. 5 , revealed that the antiserum produced a significant inhibition of acid phosphatase release. The nature of this apparent 'stabilization' of the lysosomal system by antiserum is not clear. Although antivirus-serum is able to inhibit both cell fusion and the release of lysosomal enzymes, these results do not permit a final causal correlation to be established between fusion and enzyme release.
DISCUSSION
Our studies have shown that the fusion of cells infected with virulent strains of NDV is accompanied by a significant reduction in the thickness of the cell coat material. Poste (I97ob) and Poste & Allison 0971), reviewing the mechanisms of virus-induced cell fusion, have proposed that the changes in the cell periphery responsible for fusion occur in two stages. The first stage involves reduction of the cell coat material to permit direct apposition of the plasma membranes of adjacent cells and the establishment of molecular contact between the membranes. The second stage represents membrane fusion per se. In this paper we have been concerned only with the first stage and changes in the cell coat material.
Our results confirm that a reduction in cell coat thickness occurs in cell fusion and have shown a temporal relationship between the coat changes, cell fusion and the release of enzymes from damaged lysosomes, though the latter relationship was not found in cells infected with strain TEXAS. However, the data presented here on the role of lysosomal enzymes released on to the cell surface in producing the changes in the cell coat is somewhat confusing. On the one hand, lysosomal stabilizing agents had no effect on either the coat changes or the extent of virus-induced cell fusion, yet inhibition of lysosomal enzyme release by antivirus serum related in inhibition of both coat changes and cell fusion. Two interpretations of these results can be offered. The first is that modification of the cell surface by lysosomal enzymes is an essential step in the fusion reaction, but enzyme release is dependent upon the stimulus produced by the assembly of virus components at the cell surface. In this situation, antivirus serum, by affecting the virus assembly process at the cell surface, would eliminate the stimulus for the release of lysosomal enzymes and, in turn, prevent digestion of the cell coat. The second interpretation is that lysosomal labilization is not a necessary prerequisite for cell fusion and the release of lysosomal enzymes is a non-specific response to cell injury, in which category cell fusion could be included. However, it must be acknowledged that inhibition of lysosomal enzyme release by various stabilizing agents, including those used here, have been shown on numerous occasions to inhibit cell fusion induced by both viruses and by other agents (see, Allison, 1967; Poste, 1971b) . However, the present results do not permit a clear distinction to be made between the alternatives listed above. Experiments to resolve this problem are currently in progress.
Whilst the precise role of the lysosome system in NDV-induced cell fusion is uncertain, the ability of anti-NDV serum to inhibit both the coat changes and cell fusion provides more support for the proposal that direct modification of the cell surface by the assembly of virus components is important in causing cell fusion (see Ejercito 
